We present a detailed structural and stratigraphic record of a Neogene-Quaternary supradetachment sedimentary succession in the Aegean extensional province of western Anatolia, and we compare its tectonic features and evolution to those of other well-documented supradetachment basins around the world. The sedimentary fill of the Alasehir basin records the uplift and exhumation of a core complex in the footwall of a detachment fault within the Central Menderes Massif. Accumulation of footwall-derived clastic sediments in this basin started ca. 20 Ma, shortly after the initiation of the approximately E-W-trending Alasehir detachment and its shear zone, and continued until ca. 2 Ma. Major sedimentary facies types include fl uvial and alluvial-fan deposits, debris-fl ow and mass-fl ow deposits, and locally developed lacustrine rocks. These sedimentary units were accumulated largely in distal depocenters within the extending basin, as the low-angle (15°-28°) detachment faulting created little accommodation space near the basin margins while producing high back-shed topography in the uplifted Menderes core complex. The drainage system was dominated mainly by extension-parallel transverse streams during the main phases of basin evolution. Extension-parallel, scissor (hinge) faulting produced differential uplift and subsidence in the adjacent fault blocks, changed the direction of sediment transport and drainage patterns over short distances, and resulted in the local uplift of the older basin strata. These processes led to the development of subbasins with lateral variations in basement topography, strata thickness, and sedimentary facies distribution, and generated a segmented basin archi tec ture. High-angle synthetic and antithetic faults that formed extensively after 3 Ma caused back-tilting of the sedimentary strata, formation of half grabens with their own axial drainage systems, and development of angular unconformities. With the onset of this crustal-scale block faulting, the detachment fault ceased to operate, and the Quaternary Gediz graben started to develop at the northern end of the Alasehir supra detachment basin. Our comparative evaluation of select basins shows a maximum sediment thickness of 3 km, average extension rates of 6 to 8-9 mm yr -1 , and accumulation rates of 0.1-0.2 mm yr -1 (uncorrected for compaction) in supra detachment basins in general. The rates and amounts of extension, the geom etry of detachment faulting, the rates of footwall uplift, and the kinematics and interplay of different fault systems are the most important factors controlling threedimensional structural architecture and evolution of supradetachment basins.
INTRODUCTION
Supradetachment basins are an important com ponent of continental extensional tectonics. Their internal structure and stratigraphy provide important information about regional extension rates, evolution of fl uvial and drainage systems, and development of crustal-scale fault systems and their spatial, temporal, and kinematic relationships in highly extended terrains. They are synextensional in origin but different from rift basins (Friedmann and Burbank, 1995; Gawthorpe and Leeder, 2000) , and they form in the hanging walls of low-angle detachment faults, which facilitate the exhumation and uplift of lower-to midcrustal rocks in metamorphic core complexes (Davis and Lister, 1988; Lister and Davis, 1989; Friedmann and Burbank, 1995; Yarnold, 1994; Snyder and Hodges, 2000; van Hinsbergen and Meulenkamp, 2006) . Thus, supradetachment basins commonly display a complete record of sedimentary and structural processes of core complex unroofi ng and time-progressive evolution of basin infi lling and accommodation space development in intracontinental extensional settings (Yarnold, 1994; Norton, 2011) . The onset of large-scale extension leading to the exhumation of metamorphic core complexes and to the development of supradetachment basins is closely related to thermal relaxation and ductile to brittle deformation of continental crust in relatively young orogenic belts with thermally and mechanically weak lithosphere (Glazner and Bartley, 1985; Miller and John, 1988; Hill et al., 1992; Dorsey and Roberts, 1996; Dilek and Moores, 1999; Snyder and Hodges, 2000) , in the upper plates of subduction zones with retreating slabs (Jolivet and Faccenna, 2000; Ring and Layer, 2003; Le Pichon and Kreemer, 2010) , and in association with migrating asthenospheric slab windows and triple junctions at convergent plate boundaries (Carter et al., 2006; Groome and Thorkelson, 2009; McCrory et al., 2009) .
Although their tectonic signifi cance has been relatively well described in the literature during the last 15 yr (Friedmann and Burbank, 1995) , the detailed stratigraphy, structural architecture, depositional rates, and tempo of the tectonosedimentary evolution of most supradetachment basins still remain poorly constrained. In this paper, we document the depositional history and tectonic evolution of a Neogene-Quaternary supra detachment basin in the Menderes core complex in western Anatolia, and we compare its physical characteristics to those of select supradetachment basins around the world in order to derive some conclusions about the key parameters that control their geometry, depositional processes, and structural architecture. The Menderes Massif is one of several major core complexes in the Aegean extensional province (Fig. 1) , and its internal structure, metamorphism, pressure-temperature-time (P-T-t) history, and geochronology have been relatively well documented (Satir and Friedrichsen, 1986; Hetzel et al., 1995a Hetzel et al., , 1995b Ring et al., 1999b; Gessner et al., 2001a Gessner et al., , 2001b Işik and Tekeli, 2001; Lips et al., 2001; Okay, 2001; van Hinsbergen, 2010) . However, the literature on the occurrence and documentation of supradetach-Geological Society of America Bulletin, November/December 2011 ment basins in the broader Aegean extensional province of western Turkey is rather limited (i.e., Sözbilir, 2002; Sözbilir et al., 2010; Çiftçi et al., 2011) , in part because structural, sedimentological, and other physical characteristic features of such basins have not been recognized in this region. The fi ndings of this study provide signifi cant insights for our understanding of supra detachment basin formation in continental extension environments in general and in the Aegean province in particular, and they present a special case for fault-controlled segmentation of supradetachment basins.
REGIONAL GEOLOGY AND EXTENSIONAL TECTONICS OF THE MENDERES METAMORPHIC MASSIF
The Aegean extensional province occurs above the north-dipping Hellenic subduction zone in the Africa-Eurasia convergent boundary in the Eastern Mediterranean region (Fig. 1) . It evolved in a backarc tectonic setting (Jolivet , 2001; Faccenna et al., 2003; Jolivet and Brun, 2010; van Hinsbergen, 2010) , which experienced approximately N-S extension beginning in the Oligocene-Miocene as the African lithospheric slab retreated southward along the Hellenic trench (Le Pichon and Angelier, 1981; Meulenkamp et al., 1988; Jolivet et al., 1994; Jolivet and Faccenna, 2000; Ring and Layer, 2003) . While the exhumation of middle to lower continental crustal rocks and the formation of extensional metamorphic core complexes ( Fig. 1 ) occurred in this broad backarc region throughout the late Cenozoic (Lister et al., 1984; Jolivet et al., 2004; van Hinsbergen and Meulenkamp, 2006; Tirel et al., 2008; Jolivet and Brun, 2010) , the exhumation of high-pressure rocks (now exposed in the Cyclades and on Crete) took place in extrusion wedges above the retreating Hellenic slab (forearc setting) and in subduction channel(s) throughout the early Oligocene-late Miocene (Thomson et al., 1999; Jolivet et al., 2003; Ring and Layer, 2003; Ring et al., 2007; Brun and Faccenna , 2008) .
Pre-Extensional Deformation and Metamorphic History of the Menderes Massif
The Menderes Massif in western Anatolia occurs in a NE-SW-oriented, nearly rectangularshaped tectonic window, exposing high-grade metamorphic rocks, the protoliths of which were derived from the Anatolide-Tauride block (Figs. 1 and 2). The massif is bounded to the E, NE, and S by the Afyon zone (Fig. 2) , which consists of greenschist and blueschist rocks with Paleocene metamorphic ages . The Tavsanli zone farther north contains high-P-low-T metamorphic units (with cooling ages around 80 Ma; Okay, 1986; Sherlock et al., 1999) , which are tectonically overlain by Late Cretaceous Tethyan ophiolites (Önen, Sofia Tel Aviv D e a d S e a fa u lt
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A e g e a n S e a M e d i t e r r a n e a n S e a 2003). The Bornova fl ysch zone to the NW represents a mélange composed of Late Triassic-Late Cretaceous limestone and ophiolitic blocks in a sheared, Late Cretaceous-Paleocene sandstone-shale matrix (Okay and Altiner, 2007) . Unlike in the Tavsanli zone, these rock units (with a Tethyan affi nity) in the Bornova fl ysch zone are unmetamorphosed. The Lycian nappes to the south (Fig. 2) include imbricated thrust sheets of Late Cretaceous-Miocene sedimentary rocks beneath a Late CretaceousEocene ophiolitic mélange and Late Cretaceous ophiolite fragments, which were derived from the Izmir-Ankara -Erzincan suture zone in the north (Collins and Robertson, 1998; Çelik et al., 2006; . Sandwiched between the Lycian Nappes and the underlying carbonate rocks of the Bey Daglari platform (Fig. 2) , and also as isolated thrust sheets over the Menderes Massif units, there are Mesozoic-Eocene lowgrade, magnesiocarpholite-bearing metasedimentary rocks of the Ören Unit van Hinsbergen, 2010) . Collectively, this crustal architecture, these kinematic indicators, the P-T-t paths, and the ages of the tectonostratigraphic units outlined here indicate that the Menderes Massif was tectonically buried beneath the S-SE-transported, large-scale nappe sheets during much of the latest Cretaceous through Eocene.
The Menderes Massif itself consists of an imbricated stack of tectonic sheets with different and complex structural and metamorphic histories. The high-grade orthogneissic rocks at structurally lower levels in the massif have Pan-African (ca. 550 Ma) protoliths. Eclogitic mafi c rocks and metasedimentary units in these orthogneisses also reveal geochronological evidence for Pan-African metamorphism (Hetzel and Reischmann, 1996; Loos and Reischmann, 1999; Bozkurt and Satir, 2000; Gessner et al., 2004; Koralay et al., 2004; Catlos and Çemen , 2005) . On the other hand, the metasedimentary sequence at structurally higher levels, which includes fossil-bearing marble and schist units, widely known as the "Menderes cover sequence," displays Paleozoic to Eocene stratigraphy (Konak et al., 1987; Özer et al., 2001 ) and high-P-low-T metamorphic conditions (12-14 kbar and 470-500 °C; Rimmelé et al., 2003; Régnier et al., 2007; Candan et al., 2001; Oberhänsli et al., 1998) . The entire stack of the Menderes Massif appears to have experienced a late-stage, high-T-medium-P (Barrovian) metamorphic event and penetrative deformation (Satir and Friedrichsen, 1986; Bozkurt and Park, 1999) , which have been considered as the Main Menderes metamorphism of Alpine origin. Because the Cretaceous sedimentary rocks bearing rudist fossils were affected by it (Okay, 2001; Özer and Sözbilir, 2003) , the maximum age of this Main Menderes metamorphism is interpreted to be the Eocene. This metamorphic event was a result of regional Eocene contractional deformation and related tectonic loading.
Extensional Evolution and Exhumation of the Menderes Massif
Following its contractional evolution during much of the latest Cretaceous through the Eocene, the Menderes Massif started undergoing extensional deformation via crustal exhumation as early as in the late Oligocene (Gessner et al., 2001b; . Its three submassifs (Fig. 2) , separated by approximately E-W-trending graben systems, display different structural and geochronological evidence for the kinematics, timing, and the rate of extensional deformation across the Menderes Massif (van Hinsbergen et al., 2010) . The northern and southern submassifs have revealed late Oligocene to latest early Miocene (ca. 27-16 Ma) zircon and apatite fi ssion-track ages (Gessner et al., 2001a; Thomson and Ring, 2006) , indicating cooling associated with extensionally driven crustal exhumation during this time. The I-type Egrigöz granitoid pluton, which was affected by extensional deformation associated with the Simav detachment fault in the northern submassif (Fig. 2) , has revealed crystallization and 40 Ar/
39
Ar cooling ages of 23-20 Ma (Işik et al., 2004; Ring and Collins, 2005) . These ages constrain the timing of synextensional magmatism and exhumation in the northern part of the Menderes Massif to the late Oligocene. The southern submassif is bounded in the south by the extensional South Çine shear zone (Fig. 2) , which displays ductile, top-to-thesouth shearing. Apatite fi ssion-track ages from this submassif suggest cooling ages consistent with those of the northern submassif (van Hinsbergen, 2010, and references therein).
The central Menderes submassif is bounded on the north and the south by the Gediz-Alasehir and Basçayir (or Büyük Menderes) detachments, respectively (Fig. 2) , and it is dissected in the middle by the approximately E-W-trending Küçük Menderes graben. Thus, the central submassif occurs as a bivergent metamorphic dome that was exhumed along oppositely dipping detachment faults. High-grade metamorphic rocks of the central submassif are intruded by the I-type Salihli and Turgutlu granitoids ( Fig. 2 ; , which underwent top-tothe-N-NE extensional deformation following their emplacement (Emre and Sözbilir, 1995; Hetzel et al., 1995a; Öner et al., 2010) . Hetzel et al. (1995b) Ar biotite plateau ages of 12.2 ± 0.4-13.1 ± 0.2 Ma from the same gran itoid rocks likely represent its cooling age (Hetzel et al., 1995b) . In a recent study, Glodny and Hetzel (2007) reported U-Pb crystallization ages of 15.0 ± 0.3 Ma from allanite in the Salihli granitoid, which led these authors to conclude that the exhumation of intermediate-level crustal rocks in the central submassif had already initiated by the beginning of the middle Miocene. Glodny and Hetzel (2007) concluded that a minimum amount of exhumation of 7.5 km may have occurred since ca. 13-12 Ma, and that the crustal thickness in the central submassif might have been reduced by 10-15 km during the last 15-16 m.y. through tectonic extension and erosion. A 40 Ar/
Ar laser-probe analysis on synextensional muscovites in the Salihli granitoid rocks yielded ages of 6.7 ± 1.1 Ma and 6.6 ± 2.4 Ma, constraining the timing of late-stage extension and the reactivation of the Alasehir detachment fault (Lips et al., 2001) . Gessner et al. (2001b) also presented two zircon and apatite fi ssion-track ages of 5.2 ± 0.3 Ma from the Salihli granitoid that show accelerated cooling rates in the central submassif in the Pliocene. Collectively, all these thermochronological data indicate that the exhumation of the central submassif occurred between ca. 16 and 5 Ma, some ~10 m.y. later than the onset of crustal extension and exhumation in the northern and southern submassifs (van Hinsbergen, 2010; van Hinsbergen et al., 2010) .
Extensional Graben Systems and Sedimentary Basins in the Menderes Massif
There are two sets of Cenozoic extensional grabens and sedimentary basins in and around the Menderes Massif ( Fig. 2): (1) those trending NNE-SSW and fi lled with Lower Miocene and younger siliciclastic, volcaniclastic, and volcanic rocks, and (2) those trending approximately E-W and fi lled mainly with siliciclastic rocks (Yilmaz et al., 2000; Purvis and Robertson, 2005; Ersoy and Helvaci, 2007; Sen and Seyitoğlu, 2009; Ersoy et al., 2010) . The major NNE-SSW-trending basins include the Gördes, Demirci, Selendi, Usak-Güre, and Baklan grabens. Most of these grabens are bounded by high-angle normal faults with strike-slip components (Yilmaz et al., 2000; Bozkurt, 2003; Ersoy et al., 2010) . Their development may have been facilitated by a broad, left-lateral transtensional stress regime in western Anatolia during the Miocene (Gessner et al., 2010) . The main E-W-trending grabens and basins include the Simav, Gediz-Alasehir, Küçük Menderes, and Büyük Menderes grabens within the Menderes core complex, and the offshore Gulf of Gökova situated within the Anatolide-Tauride block in the south (Fig. 2) . These E-W-trending grabens are bounded by high-angle to moderately dipping normal faults, some of which are seismically active (Arpat and Bingöl, 1969; Eyidogan and Jackson, 1985; Bozkurt, 2009a, 2010) , and they terminate and crosscut NNE-SSW-trending grabens and basins. Yilmaz et al. (2000) reported that the NNE-trending grabens locally occur as "hanging grabens" in the footwalls of the E-W-trending ones, and that the trapped structures and sedimentary units of these older NNE-trending grabens are distinguishable in seismic profi les. Two-dimensional (2-D) gravity and magnetotelluric modeling of the structure of the Gediz-Alasehir graben has revealed the existence of a series of these NE-SW-rending grabens and sub-basins at depth (Gürer et al., 2001) , indicating that the regional structural fabric seen at the surface continues beneath the Quaternary sedimentary fi ll of the E-W-trending modern graben system. The E-W-trending grabens, which developed as a result of net N-S extension and block faulting, appear to have formed later, in the latest Miocene and Quaternary. However, the existence of Lower Miocene to Pliocene-Pleistocene sedimentary rocks showing clear evidence of N-S-directed extensional deformation in the footwalls of the graben-bounding high-angle faults indicates that the development of NNE-SSW-trending basins and the approximately N-S extension and associated graben formation might have overlapped in time and space during the early to late Miocene (Purvis and Robertson, 2005; Sen and Seyitoğlu, 2009; Bozkurt , 2009b, 2010) .
STRATIGRAPHY AND SEDIMENTOLOGY OF THE ALASEHIR BASIN
The Alasehir basin is a nearly E-W-trending, curvilinear, ~5-km-wide and ~140-km-long, Miocene-Pleistocene depocenter bounded to the south by the Alasehir detachment and to the north by the modern Gediz-Alasehir graben ( Fig.  2 and Fig. 3) . Together with the Büyük Menderes basin to the south (Gürer et al., 2009) , it is one of the two main pre-Quaternary basins in the Central Menderes Massif that evolved in the hanging walls of major detachment faults (Sözbilir, 2002; Gürer et al., 2009; Çiftçi and Bozkurt, 2009a Çiftçi and Bozkurt, , 2009b Çiftçi and Bozkurt, , 2010 Çiftçi et al., 2011) . Its internal structure is strongly controlled by the kine matics of the WNW-ESE-oriented extensional normal fault systems and the NNE-SSW-running, oblique-slip hinge faults (Figs. 3) . These two faults systems and their interplay collectively produced a segmented structural archi tecture and along-strike variations in the basin stratigraphy. Some of the characteristic features of the Alasehir basin are given in Table 1 .
The thickness of the sedimentary units in the basin strata changes along strike from west to east, and some units also disappear laterally as a result of either primary sedimentological processes in the depocenter or faulting. The oldest Gerentas and Kaypaktepe Formations in the eastern part of the study area (Gerentas Domain) and the Lower Pliocene, red fl uvial rocks of the Gobekli Formation, for example, taper out to the west (Fig. 4) . Local angular unconformities are also common between some units within the basin strata (Fig. 5) . The total thickness of the sedimentary accumulation in the Alasehir basin changes from 2000 to ~3000 m (Çiftçi and Bozkurt , 2009b ; this study; Table 1 ).
The Alasehir basin strata have been divided into two main sedimentary sequences: the lower Miocene-lower Pliocene lacustrine, fl uvialalluvial, alluvial-fan, and debris-fl ow deposits, and the Pliocene-Quaternary fl uvial, lacustrine, and alluvial units (Fig. 4) . We mapped the internal structure, stratigraphy, and facies changes of these sedimentary sequences in order to document the depositional history of the basin. We fi rst describe the internal stratigraphy of the Neogene depositional units from the oldest to the youngest (Fig. 4) , and then we interpret their depositional environments using paleocurrent directions and sedimentological features.
Gerentas Formation
The Alasehir basin strata start at the bottom with the Gerentas and Kaypaktepe Formations (Figs. 3 and 4) overlying the detachment surface and high-grade metamorphic rocks of the Menderes Massif. The older Gerentas Formation is composed of red-colored shale alternating with conglomerate-sandstone-mudstone layers , which are overlain by limestone and clastic sedimentary rocks of the Kaypaktepe Formation. These two formations correspond to the Alasehir formation or group in previous studies (Yilmaz et al., 2000; Seyitoğlu et al., 2000 Seyitoğlu et al., , 2002 . Ediger et al. (1996) suggested an early Miocene palynological age for the lowermost part of the Alasehir formation. The occurrence of an Eskihisar sporomorph association (Ediger et al., 1996) in the Gerentas Formation supports the inferred early-middle Miocene age of these lowermost stratigraphic units within the Alasehir basin strata. Isotopic dating of volcanic rocks spatially associated with this sporomorph association in western Turkey has constrained the age range of the Gerentas Formation to 20-14 Ma (Benda et al., 1974; Seyitoğlu and Benda, 1998) .
The oldest Gerentas Formation in the basin consists mainly of pebble-to cobble-sized conglomerate, and fi nely laminated and intercalated sandstone and shale with characteristic gray-beige weathering color in the fi eld. The thick-bedded to massive, poorly sorted conglomerate is clastsupported and mostly composed of subrounded to subangular clasts of marble, mica schist, quartzite , granite, and gneiss within a sand-to silt-sized calcareous matrix. Fluvial sandstone and shale occur as well-sorted, well-bedded sections in a silty or muddy matrix. The Gerentas Formation has a limited outcrop in the southeastern section of the study area, where its maximum thickness has been estimated as ~600 m.
Kaypaktepe Formation
The lowermost part of the Kaypaktepe Formation includes mainly grayish muddy-sandstone and pebble to cobble conglomerate that conformably rest on the Gerentas Formation. Fine-grained clayey limestone with red-colored claystone and clastic rocks occur stratigraphically higher up within the Kaypaktepe Formation. The conglomerate consists of angular to subangular clasts of marble, mica schist, and quartzite within a silt-to mud-sized, calcareous matrix. The lateral and vertical transition of the grayish limestone layers to the reddish-color clayey material indicates their synchronous deposition.
The stratigraphically uppermost levels of the Kaypaktepe Formation include red-colored, well-sorted, well-bedded sandstone alternating with a well-cemented, matrix-supported polygenic conglomerate (Fig. 6A ). Clastic material in these sandstone and conglomerate layers includes marble, schist, quartzite, and gneiss fragments in a muddy matrix. The true thickness of the Kaypaktepe Formation cannot be estimated because its lower contact is invariably faulted; however, in its exposed outcrops in the fi eld, it is less than 200 m in thickness.
Acidere Formation
The Kaypaktepe Formation is stratigraphically overlain by clastic rocks of the Acidere Formation (Figs. 3, 4 , and 6A). However, in the southwestern part of the study area near the village of Degirmendere, we locally observed the Acidere Formation resting directly on the lowangle Alasehir detachment fault (Fig. 3) . The lowermost section of the Acidere Formation starts with a characteristic red-colored, mediumto thick-bedded, poorly sorted conglomerate, which consists of angular to subangular, pebble-to boulder-size clasts of metamorphic and cataclastically deformed rocks (Fig. 6B) . Metamorphic core complex (MCC) (2010) 
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This polygenic conglomerate alternates with a well-bedded, medium-grained sandstone with a muddy matrix. Clast lithologies in the sandstone layers are composed dominantly of quartzite, gneiss, mica schist, granite, and cataclastic rocks, with grain sizes ranging between a few millimeters to several centimeters.
Mainly tabular, thick-bedded conglomerate layers in the Acidere Formation contain sand-to mud-sized lenses with primary graded bedding and cross-bedding structures. Conglomerate wedges and lenses with normal and reverse graded bedding occur in different levels of the medium-to thin-bedded sandstone and siltstone layers. Tabular and trough cross-bedding within the laminated sandstone layers and pebble imbrications in moderate-to well-sorted conglomerate layers are common features. Erosional and undulatory contacts between coarsegrained and fi ne-grained layers are locally present in the lower sections. The stratigraphically upper level of the Acidere Formation is composed of a well-sorted, well-consolidated, clast-supported conglomerate, which exhibits well-developed pebble imbrications and graded bedding. The Acidere Formation is nearly 515 m thick along the Degirmendere Valley in the southwestern part, and ~400 m thick farther north in the Alasehir basin. The majority of the beds in all these conglomerate, sandstone, and siltstone rocks dip gently to steeply to the S-SW, although N-dipping beds are also common (Fig. 7) .
The Eskihisar sporomorph association from the lower part of the Acidere Formation has yielded middle to late Miocene ages for the timing of its deposition (Seyitoğlu and Scott, 1996) . Ediger et al. (1996) reported some palynological data indicating middle Miocene ages (14-11 Ma) for the upper sections of the Acidere Formation. Therefore, we assign a middle to late Miocene time range for the depositional age of the Acidere Formation.
Gobekli Formation
The Acidere Formation is conformably overlain by the Gobekli Formation (Fig. 6C) , which includes alternating layers of light-red and gray-colored conglomerate, sandstone, and mudstone. Although the Gobekli rocks are commonly faulted against the other formations in the study area, its primary stratigraphic relationships with the older Acidere Formation are locally well preserved, as in the Oyukkiran ridge in the south-central part of the fi eld area (Fig. 3) .
The lower part of the Gobekli Formation is mainly composed of a cobble-to pebble-size, well-cemented conglomerate with a sand-tosilt size matrix that is rich in muscovite grains ( Fig. 6D) . Stratigraphically upward in the unit, this conglomerate alternates with sandstone, pebbly sandstone, and mudstone layers. Poorly lithifi ed muddy sandstone, pebbly sandstone, and mudstone intercalations are less resistant to erosion in comparison to pebble-to cobblesized conglomerates with a silt-to-mud-sized calcareous matrix. As a result, cone-like erosional remnants of conglomerates are characteristic structures of the Gobekli Formation in the study area. The main clast lithologies in the stratigraphically lower horizons of the Gobekli consist of metamorphic rocks, granite, and cataclastic rocks. The occurrence of cataclastic rock clasts increases in the horizons adjacent to the detachment surface. Normal and reverse graded bedding, and pebble imbrications are common in the lower conglomerate, whereas cross-bedding, graded bedding, and lamination are the main primary sedimentary structures in the poorly consolidated sandstones. Layers in the Gobekli rocks mainly dip at moderate to shallow angles to the S, SW, and SE, but moderately to gently N-NW-dipping layers are also common (Fig. 7) . Reworked, red-colored clasts of the Acidere Formation locally occur in the grayish, pebbly sandstone and siltstone horizons of the Gobekli Formation. The Gobekli rocks cover a wide area in the southwestern section of the Alasehir basin where the unit thickness reaches ~510 m along the Kogukdere Valley. In the eastern part of the study area, however, the Gobekli Formation forms a merely several-meter-thick layer above the Middle Miocene Acidere Formation. The gastropod fauna, including Gyraulus arminiensis Jekelius, Melanosis (Melanopsis) decollate Stoliczka, Pyrgula dacica Jekelius, Bulimus (Bulimus) croaticus (Pilar), Pyrgula sp., and Pseudomnicola sp., discovered in the Gobekli Formation near the Yagmurlar village yielded a late Miocene age (Emre, 1996) . Purvis and Robertson (2005) also reported the occurrence of Upper Miocene freshwater gastropod fauna in the same unit.
Yenipazar Formation
The younger, yellowish-brown sedimentary rocks of the Yenipazar Formation unconformably overlie the Lower to Upper Miocene strata (Fig. 4) and mainly consist of moderately to poorly consolidated, polygenic conglomerate, sandstone, and mudstone. The lowermost part of the Yenipazar Formation starts with relatively coarse-grained sandstone-siltstonemudstone layers and continues upward with fi ne-grained clastic sedimentary rocks intercalated with lignite and bituminous coal horizons and medium-to thick-bedded organic clay layers (Fig. 6E ). This sequence coarsens upward into a medium-grained sandstone with a micaceous matrix and a moderate-to wellsorted conglomerate. The Yenipazar Formation exhibits cross-bedding and lamination in the sandstone and siltstone layers in the lower sections, and normal to reverse graded bedding, and sandstone-siltstone lenses and wedges in fine-to medium-grained conglomerates in the upper sections. Sedimentary layers in the Yenipazar Formation show a very strong bimodal distribution of moderate to shallow dip angles both to the NE and to the SW. Clast lithologies in the Yenipazar Formation differ from those of the older formations and mainly consist of gneiss, schist, granite, and quartzite. The amount of cataclastic rock clasts is much less in comparison to those in the Lower Miocene units. In the eastern part of the study area, red-colored, well-rounded, pebble-to cobble-sized clasts of the older formations (i.e., Acidere and Gobekli) can be observed within the overlying light-brown conglomerate layers of the Yenipazar Formation. Fine-grained layers also include fi ne-to medium-grained conglomerate lenses displaying graded bedding. We estimate the minimum thickness of the Yenipazar Formation as ~250 m. Plant fragments, pollen, and gastropod and rare mammalian fossils from the fi ne-grained midsections of the Yenipazar unit indicate late Pliocene (ca. 3 Ma) and younger ages (Pleistocene) for its deposition (Sarica, 2000) .
Asartepe Formation
Relatively coarse-grained upper layers of the Pliocene-Pleistocene Yenipazar Formation are conformably overlain by the Asartepe Formation (Figs. 3-5 and 6F) . The Asartepe includes a massive-to poorly bedded, clast-supported, yellow-brown conglomerate alternating with medium-to coarse-grained sandstone-siltstone layers. Fine-grained sedimentary rocks as seen in the underlying units are not common in the Asartepe Formation. The conglomerate contains pebbles to boulders composed mainly of granite, gneiss, schist, and quartzite. The minimum thickness of the Asartepe Formation is around 500 m (Fig. 4) .
Erendali Formation
The youngest formation in the Alasehir basin consists of light-red-colored, unlithifi ed sedimentary rocks that include a pebble to cobble conglomerate within sand-to silt-size matrix. The Erendali Formation unconformably overlies the Pleistocene Asartepe Formation (Fig. 4) and forms ancient terraces and alluvial fans along the northern margin of the Alasehir basin (Fig. 3) . The active alluvialfan deposits within the modern Alasehir graben are fed by approximately N-S-trending and N-flowing streams draining the Lower Miocene-Pleistocene sedimentary units of the Alasehir basin. The contact relationship between the Erendali Formation and the modern alluvial-fan deposits to the north is discordant. Graded bedding and cross-bedding are common in the fi ne-grained conglomerate and sandstone layers in the Erendali Formation. Moderately to poorly consolidated, thin-to medium-bedded rocks occur in subhorizontal (~5°-10°) layers. The thickness of the Erendali Formation is estimated to be 250 m in the western and ~350 m in the eastern sections in the study area (Fig. 5) .
DEPOSITIONAL CHARACTERIZATION AND PALEOCURRENT DIRECTIONS
The Alasehir basin strata are mainly characterized by alluvial-fl uvial and alluvial-fan depositional environments. The oldest, Lower to middle Miocene limestone (Kaypaktepe Formation) and the underlying clastic sedimentary rocks of the Gerentas Formation represent a lacustrine-fan delta depositional setting. We infer that these rocks were deposited in faultbounded, short-lived playa lake(s), which developed during the initial stages of the extensional supradetachment basin evolution in the early Miocene. Fluvial sediments were derived from uplifted crystalline rocks in the footwall of the Alasehir detachment fault. Graded bedding, pebble imbrication, cross-bedding, and lamination in the fl uvial deposits of the Gerentas Formation consistently show SW to NE paleocurrent directions (Fig. 8) .
The overlying Acidere Formation displays characteristic features of an alluvial-fluvial depositional system (Ingersoll and Busby, 1995; Friedmann and Burbank, 1995) . Alternation of moderate-to well-sorted conglomerate layers with a thick-bedded or massive, unsorted, pebble to boulder conglomerate that contains angular to subangular clasts in a muddy sandto silt-sized matrix suggests major fl uctuations in the energy level of the fl uvial system. We interpret this unsorted, coarser grain-sized material as debris fl ows originated from major seismic faulting events that further uplifted the Menderes metamorphic basement in the footwall of the detachment fault. Subrounded to rounded, pebble-to gravel-size, imbricated clasts of gneiss, schist, granite and cataclastic rocks in the Acidere Formation indicate long distances of transport within generally S-to Nfl owing, transverse fl uvial systems and prograding fan deposits (Fig. 8) . Paleocurrent directions measured using pebble imbrications and crossbeddings in the Acidere Formation change from SW-NE in the southern to SE-NW in the central part of the study area (Fig. 8) .
Sedimentary features of the overlying Upper Miocene Gobekli Formation are also characteristic of fl uvial depositional systems.
The alternating conglomerate and sandstone layers in its upper stratigraphic levels represent alluvial-fan deposits. Cross-bedding measurements indi cate SW to NE paleofl ow directions for the Gobekli Formation in the central part of the study area (Fig. 8) .
Sedimentological characteristics of the overlying Upper Pliocene-Pleistocene Yenipazar Formation suggest that it was deposited in a fl uviolacustrine depositional environment. Coal horizons and organic-matter-enriched clay horizons in the Yenipazar Formation point to their deposition in playa lake(s) in the southern section of the Alasehir basin. Outcrops of these lacus trine deposits are laterally discontinuous in the fi eld, suggesting that the inferred paleolakes were limited in size. The coarser-grained uppermost strata of the Yenipazar Formation indicate a change from lacustrine to fl uvial setting through time. Pebble imbrications in the upper stratigraphic levels of the Yenipazar Formation demonstrate a westward fl ow direction during their deposition (Fig. 8) .
Upward coarsening of clast size in the overlying Asartepe Formation and a rapid change in its clast lithologies collectively suggest the formation of this unit as alluvial-fan deposits during the Pliocene-Pleistocene. Rapid loading of coarse-grained alluvial-fan and debrisfl ow sediments (Asartepe Formation) into the Alasehir basin may have facilitated burial alteration of organic matter deposited in local lakes, which in turn resulted in the formation of coal horizons in the underlying Yenipazar Formation. Pebble imbrications in the Asartepe Formation suggest SW-NE paleocurrent directions (Fig. 8) . The Pleistocene Erendali Formation resting unconformably above the Asartepe was deposited in alluvial-fan and fl uvial systems along the northern edge of the Alasehir basin. Paleocurrent indicators in its sandstone and fi ne-grained conglomerate layers show more westerly paleofl ow directions during its formation (Fig. 8) .
In general, we see predominantly NE-oriented paleofl ow directions in the Lower to Middle Miocene fluvial environments, which developed in SSW-NNE transverse drainage systems. This direction shifts toward a more northerly orientation in the Upper MioceneLower Pliocene fl uvial units. Starting in the late Pliocene, which was the time of the onset of the block-faulting phase in extensional deformation and the development of major WNW-ESE-trending high-angle normal-fault systems and half grabens (Fig. 5) , the fl uvial systems and drainage patterns within the Alasehir basin appear to have established WNW-running courses, as our paleocurrent measurements from the youngest basinal strata indicate.
STRUCTURE OF THE ALASEHIR BASIN AND SYNDEPOSITIONAL FAULT GENERATIONS
We examined the major fault types and their spatial and temporal distribution within the basin strata in order to better understand the kinematics of extensional deformation and the mode of faulting that controlled the basin geom etry, and depositional and sedimentological facies changes in the Alasehir basin. The main fault types that developed and operated synchronously with deposition during the evolution of the Alasehir basin include the main detachment fault, high-angle normal faults, low-angle normal faults, and oblique-slip scissor or hinge faults ( Fig. 9 ; Table 1 ). Here, we describe these fault types and their crosscutting relationships, their characteristic features, and their infl uence on depositional patterns during the evolution of the basin.
Alasehir Detachment Fault
The Alasehir detachment fault (Emre, 1996; Hetzel et al., 1995b; Işik et al., 2003 ) is a generally E-W-striking and N-dipping, low-angle (15°-28°) normal fault with a minor oblique-slip component ( Fig. 5 and Fig. 10 ). It is ~14 km long along strike in the study area and has a convexupward geometry that is characteristic of "turtleback" surfaces described in the metamorphic core complex literature (Curry, 1954; Wright et al., 1974; Miller, 1999; Seyitoğlu et al., 2000; Çemen et al., 2005; Miller and Pavlis, 2005) . The large-scale corrugations on this detachment surface are interpreted to have formed nearly NNE-SSW-trending antiform and synform structures in the metamorphic massif (Sözbilir, 2001) . The E-W-trending, high-angle normal fault systems and NNE-SSW-striking obliqueslip faults crosscut the detachment surface, locally changing its strike and dip angle as a result of fault-block rotation (Fig. 5) . Therefore, the detachment surface has a segmented appearance at the regional scale (Fig. 3) .
The metamorphic and granitoid rocks in the footwall of the Alasehir detachment surface exhibit ductile deformation structures that consistently show top-to-the-N-NE shearing (Hetzel et al., 1995b; Işik et al., 2003; Öner et al., 2010) . The synextensional Salihli granitoid displays well-developed foliation planes that dip both to the north (commonly) and to the south (locally) at moderate to gentle angles (Fig. 7) . These early ductile structures are overprinted by brittle to cataclastic deformation fabric elements characterized by microfractures, microfaults, and porphyroclastic textures (Işik et al., 2003; Öner et al., 2010) . The main ductile deformation structure is defi ned by the preferred alignment of elongated quartz grains, feldspar porphyroclasts, and biotite fl akes that collectively characterize a mylonitic fabric. Mylonitic rocks in the footwall include protomylonite, mylonite, and ultra mylonite, and the intensity of ductile deformation decreases structurally downward; the metamorphic and granitoid rocks display a weaker mylonitic foliation at topographically higher ele va tions as a result of erosional removal of the strongly deformed rocks (Öner et al., 2010) .
Ultramylonitic rocks in structurally lower positions within the detachment shear zone occur in a gradual or sharp contact with the mylonitic granitoid rocks, and they display a strong foliation characterized by rounded porphyroclasts in a fi ner-grain-sized matrix composed of alternating quartz, feldspar, and biotite bands. Shear indicators in these ultramylonites display generally top-to-the-N-NE shearing and slip.
Gently N-dipping (~20°-30°) foliation planes in mylonitic rocks above the ultramylonites mostly strike WNW-ENE and are defi ned by the alignment of dynamically recrystallized quartz, feldspar, and biotite porphyroclasts. The dip direction of the mylonitic foliation planes locally changes to SE or SW due to back-tilting along high-angle normal faults or horizontal rotations along NNE-SSW-striking oblique-slip faults. Kinematic indicators in the mylonitic rocks include S-C fabrics, asymmetric porphyroclasts, biotite fi sh, fractured and displaced grains, and asymmetric enclaves that consistently show topto-the-N-NE normal sense of shearing (Öner et al., 2010) .
The ~100-m-thick cataclastic shear zone immediately beneath the detachment surface includes microbreccia, breccia, cataclasite, and micro-to macroscale faults and joints (Hetzel et al., 1995b; Kocyigit et al., 1999; Işik et al., 2003; Öner et al., 2010) . The protoliths of the cataclastic rocks along the detachment surface are made of metasedimentary rocks of the Menderes Massif and granitic rocks of the Salihli granitoid. Cataclastic and mylonitic foliation planes dip to the north at shallow angles parallel to the detachment surface; however, gently S-SE-dipping cataclastic foliation planes are also present in some high-angle fault blocks. Cataclastic breccias occur in the hanging wall of the detachment surface. These highly fractured breccias are overlain by the oldest sedimentary unit (Acidere Formation) in the western part of the study area and consist of small, angular fragments of gneiss and schist and subangular clasts of the Acidere Formation that are cemented by a carbonaceous matrix. The existence of Acidere material in cataclastically deformed breccias along the detachment surface indicates that tectonic extension, exhumation of the Menderes Massif, and deposition in the Alasehir basin were synchronous events during the early Miocene.
High-Angle Normal Faults
High-angle normal faults occur both as synthetic-antithetic faults and as conjugate fault systems (Çiftçi and Bozkurt, 2009a ; this study). Those faults that are synthetic or antithetic to the detachment surface affect the basinal strata in the hanging wall and the metamorphic and granitoid rocks of the Menderes Massif in the footwall (Fig. 5) . In map view, the synthetic faults appear as curvilinear strands of differing trends, defi ning a subparallel, en-echelon fault array (Fig. 3) . Their general orientation is WNW-ESE. They are typically planar in cross section, and the apparent downdip offset along them can be locally as much as tens of meters and more (Fig. 5) . They are locally cut and displaced by NNE-trending oblique-slip faults (see following). There are three mesoscale synthetic normal faults in the study area, which are among the most important extensional structures within the Alasehir basinal strata.
The Keserler fault is the southernmost of these mesoscale faults, and it juxtaposes the high-grade Menderes metamorphic or cataclastic rocks of the detachment surface against the oldest sedimentary rocks in the basin strata (Figs. 3 and 5J-5L) . It is the oldest, main synthetic normal fault that operated during the earliest phases of the synextensional development of the Alasehir basin. The Acidere fault to the north is nearly 10 km long across the length of the basin, and it is mainly an intrabasinal fault separating the oldest, Lower to Middle Miocene strata (i.e., Acidere and Gobekli Formations) from the younger, Pliocene-Pleistocene units (i.e., Asartepe Formation; Fig. 5 ). It propagates into and affects more widely the younger rocks in the hanging wall of the detachment surface toward the ESE within the basin (Figs. 3 and 5 ). It is segmented by the NNE-trending oblique-slip faults at a spacing of 2-3 km. The northernmost synthetic fault, the Yenipazar fault, is a seismically active, high-angle normal fault, separating the modern Alasehir graben to the north from the basin strata (Fig. 5) . The Quaternary alluvium is juxtaposed against the late Pliocene-Pleistocene strata along this graben-bounding fault system. Locally, S-dipping (~10°-30°) bedding planes of the Pliocene-Quaternary units in the footwall are abruptly truncated along the Yenipazar fault and form terrace structures along the range front. Some of the alluvial fans along the range front are cut and offset by the most recently active segments of the Yenipazar fault Bozkurt, 2009b, 2010) . The most recent seismic activity on this fault occurred on 28 March 1969 (Alasehir earthquake, M = 6.9) and created a 30-35-km-long surface rupture striking N85°W and N50°W (Arpat and Bingol, 1969; Eyidogan and Jackson, 1985) . Most of the second-order high-angle normal faults in the study area are synthetic to the detachment surface and dip to the NE or NW (Figs. 9 and 11) at 30° to 70°. Antithetic, S-dipping normal faults have steeper dip angles (average dip angle: 60°-65°), and where they are observed to have crosscutting relationships with the synthetic faults, they commonly cut across and offset the moderately to gently dipping synthetic faults. Some synthetic and antithetic faults terminate at the detachment surface, whereas some others cut across and offset both the detachment surface and its cataclastic and sheared rocks (Fig. 5) . A few of these faults display a listric geometry that caused rotation of bedding planes in their hanging walls (Fig. 11C) .
Some of the second-order high-angle normal faults in the basin strata represent conjugate fault systems with dihedral angles around 55°-60° (Fig. 11B) . These conjugate faults display small offsets of bedding planes and each other with no discernible rotational deformation, and they are likely to have developed as a result of alternating sequential slip on them due to their reactivation during continued extension (Ferrill et al., 2000) .
The WNW-ESE-striking normal fault systems within the basin resulted in back-rotation and tilting of the sedimentary strata. The bedding planes in the Acidere and Gobekli Formations generally dip to the south, for example, because of this back-tilting. The bedding planes in the younger, Upper Pliocene-Pleistocene Yenipazar Formation dip both to the north and the south, but mainly to the south also because of back-tilting in the hanging walls of these high-angle normal faults (Figs. 3 and 7) .
Low-Angle Normal Faults
Low-angle normal faults occur both in the Menderes metamorphic rocks and in the basinal strata, and they generally mimic the geometry of the basal detachment shear zone beneath the sedimentary rocks (Figs. 9 and 12 ). These subhorizontal faults are best observed across the NNE-SSW-trending stream valleys, which provide a cross-sectional view of the metamorphic rocks, the detachment shear zone, the sedimentary units, and the low-angle fault systems.
The majority of these faults strike 075°, although NW-oriented low-angle faults also exist , and dip between 10° and 25° to the NNW (~345°) (Fig. 9) . These are brittle structures that formed near the surface, and the apparent offset along them (wherever observed) is small (few meters). The low-angle normal faults display complex crosscutting relationships with the synthetic-antithetic and conjugate high-angle normal fault systems. Figure 12C displays the spatial and temporal relationships between two subparallel low-angle normal faults (2 and 4 marked in red and blue, respectively) and the high-angle normal faults (1 and 3 marked in white and yellow, respectively). The NNEstriking (~018°) and NW-dipping (13°), older, low-angle fault (#2) crosscuts and offsets the steeply (~52°) NE-dipping faults (#1) but in turn truncated and offset by NNW-striking (286°-357°) and more steeply SW-dipping (~70°) faults (#3). Both high-angle normal fault systems are then crosscut and displaced by the NE-striking (024°), gently NW-dipping (18°) fault (#4). These temporal relationships indicate nearly contemporaneous development of both high-and low-angle normal fault systems in the basinal strata, which were undergoing northward extension above the basal detachment surface.
Oblique-Slip Scissor (Hinge) Faults
The NNE-SSW-striking, oblique-slip scissor or hinge faults are best observed within the approximately NNE-SSW-trending stream valleys (Figs. 3 and 13A) , and they are particularly well preserved in the crystalline footwall rocks of the detachment shear zone (including the Salihli granitoid rocks; Fig. 7) . The majority of them strike 015° and have dip angles around 65° (ranging between 85° and 60°) and dip directions to the west and the east (Fig. 9) . Locally, the northward-fl owing streams follow the oblique-slip fault planes at the surface. The WNW-ESE-striking, major high-angle normal faults are offset by or terminate against these NNE-running, oblique-slip faults. Fault-block rotation along high-angle normal faults mainly resulted in changes of the dip angles of sedimentary beds, whereas deformation along these oblique-slip hinge faults caused abrupt changes in both the strikes and dip angles of planar structures. Bedding planes in the basinal strata, foliation planes in the cataclastic zone rocks, and fault planes on each side of these NNEoriented faults display sharp changes in their attitude and geometry. Some sedimentary units (i.e., Gobekli Formation) locally show significant changes in their stratigraphic thickness across these hinge faults.
Along strike of these NNE-trending obliqueslip faults, the downdip component of the slip gets reversed at a hinge point, changing from normal to reverse (Figs. 13B) , or thrust motion changes as a result of rotation along an axis normal to the fault planes (Ramsay and Huber, 1987) ; the direction and magnitude of slip may also change quickly with horizontal distance along these faults (Twiss and Moores, 2007) . This hinge faulting resulted in differential uplift (upthrown) and/or subsidence (downthrown) in adjacent fault blocks. As a result, local uplifting of older stratigraphic units in the basin (i.e., Acidere Formation) caused the formation of local unconformities during synextensional deposition.
Oblique-slip faults that are nearly perpendicular to the detachment surface, to the extensional normal fault systems, and to the general trend of rift basins are common features in extensional tectonics, and they form rift-perpendicular (or oblique) lineaments, along which differential slip and/or transfer of fault-block motion are accommodated (Sengör, 1987; Moy and Imber, 2009; Betts et al., 1998; Hurtado et al., 2001; Song et al., 2001; Faulds and Varga, 1998) . These transfer faults cause segmentation in the basin architecture and hence play an important role in sediment transport and distribution in and across the extensional basins (Larsen et al., 1999; Larsen and Whitham, 2005; Ellis et al., 2009; Jolley and Morton, 2007) . The oblique-slip scissor faults in our study area are consistent with the transfer fault kinematics documented from other rift basins, and they are likely to have evolved to facilitate differential uplift and exhumation rates of the Menderes core complex in the footwall of the detachment surface and differential displacement of the basin strata along this detachment surface. Gravity and magnetotelluric modeling by Gürer et al. (2001) has shown that these NNE-trending oblique-slip scissor faults continue northward beneath more than 1-km-thick sediments of the modern Alasehir graben, separating a series of subbasins and horst structures with different subsurface topographic features and depositional thicknesses. 
SUPRADETACHMENT BASIN EVOLUTION
The overall structural and sedimentological features of the Neogene Alasehir basin suggest that it represents a supradetachment basin that evolved above the N-dipping Alasehir detachment fault in the central submassif during the Miocene-Quaternary Dilek, 2007, 2010) . The U-Pb ages of 16.1 ± 0.2 Ma (monazite, Turgutlu granitoid; Fig. 2 ) and 15.0 ± 0.3 Ma (allanite, Salihli granitoid) of the synextensional granitoid intrusions crosscutting the metamorphic rocks of the Menderes Massif indicate that the unroofi ng and exhumation of middle-crustal rocks in the central submassif was already in operation by the end of the early Miocene (Glodny and Hetzel, 2007) . Catlos and Çemen (2005) reported monazite ages of 17 ± 5 Ma and 4.5 ± 1.0 Ma from the Alasehir detachment rocks, which they interpreted as the timing of major phases of extension in the central submassif. However, from the same Turgutlu and Salihli granitoids, Catlos et al. (2010) subsequently obtained in situ Th-Pb ion microprobe monazite ages ranging from 21.7 ± 4.5 Ma to 9.6 ± 1.6 Ma (±1σ). They attributed the obtained oldest ages (21.7 ± 4.5 Ma to 19.2 ± 5.1 Ma) to the likely presence of common Pb in the analyzed monazite grains but suggested based on textural relations that the youngest monazite ages of 11.5 ± 0.8 Ma (Turgutlu granitoid) and 9.6 ± 1.6 Ma (Salihli granitoid) record the timing of ongoing extensional deformation associated with crustal exhumation along the Alasehir detachment. This timing of the latest early Miocene to late Miocene-Pliocene exhumation of the granitoid intrusions in the central submassif coincides with a period of widespread extension in the broader Aegean province, but it follows the well-documented extensional defor ma tion and exhumation of the northern and southern submassifs by nearly 10 m.y. (Ring and Layer, 2003; Ring and Collins, 2005; Işik et al., 2004; Dilek and Altun kaynak, 2009; Jolivet and Brun, 2010; Ring et al., 2010; van Hinsbergen, 2010) . We think, therefore, that the crustal extension in the central submassif was well under way in the early Miocene, and that the formation of the Alasehir supradetachment basin had already been initiated during this time (ca. 23 Ma; Table 1 ). The occurrence of the Burdigalian to middle Serravalian Eskisehir sporomorph assemblage (Ediger et al., 1996; Seyitoglu et al., 2002) in the lower portion of the basinal strata directly overlying the Alasehir detachment surface supports this interpretation.
The structural and sedimentary evolution of the Alasehir basin during the Neogene was controlled by the mode, kinematics, and crosscutting relationships of multiple generations of fault systems and their interplay with synextensional deposition (Fig. 14) . Denudation and uplift of crystalline basement rocks in the footwall of the detachment fault had a signifi cant role in the spatial and temporal distribution of sediment discharge in the hanging wall, as has been shown from other core complexes and supradetach ment basins (Allen and Densmore, 2000; Table 1 ). Near the breakaway fault, uplift of the Menderes Massif produced a shallow basin with no subsidence and hence little accommodation space (Fig. 14A) . Accumulated slip along the detachment surface resulted in the development of a larger catchment area in the hanging wall. Lacustrine sediments (Kaypaktepe Formation) were deposited in locally developed, shortlived lakes that were located further away from the breakaway fault of the detachment system. The continued footwall uplift caused the further exhumation of the Menderes core complex and more extensive dispersal of high-grade metamorphic rock clasts into the depocenter in the hanging wall (Fig. 14B ). This sediment dispersal during the early stages of the Alasehir basin was mainly controlled by extensive Ndirected (in general), transverse stream systems and their drainage patterns.
The alternation from fi ne-grained laminated calcareous rocks to coarse-grained sedimentary units with lignite horizons stratigraphically upward in the Kaypaktepe Formation represents a transition from a low-energy, lacustrine, fandelta depocenter to a higher-energy, alluvial depositional environment in which local debris fl ows interrupted the low-energy deposition system (Fig. 14B) . The change in clast lithologies between the lowermost and uppermost layers in the Kaypaktepe Formation most likely resulted from the progressive denudation of the Menderes core complex in the footwall of the Alasehir detachment fault. The increased uplift of the massif facilitated the formation of alluvial-fan deposits in the uppermost section of the early Miocene Kaypaktepe Formation. The presence of pebble-to cobble-sized channel deposits indicates a fan-delta depositional environment in the middle Miocene Alasehir basin.
Braided stream networks and distal fan formation dominated the basin evolution in the late Miocene, as the transverse fl uvial systems fl owed for long distances in the direction of extension, across the hanging wall of the Alasehir detachment (Fig. 14C) . Prograding fan deposits coalesced toward the distal parts of the Alasehir depocenter, forming the Acidere Formation.
With further crustal extension in the central submassif, scissor faulting became a major component of the differential uplift and exhumation of the core complex and strongly affected the deposition and distribution patterns of younger sedimentary rocks (i.e., Gobekli and Yenipazar Formations). Differential uplift and reversal in slip directions along strike of these scissor faults prevented the footwallderived alluvial fans from reaching distal parts of the basin, and locally controlled the shape and depth of accommodation in the Alasehir basin (Fig. 14D) . This interplay between scissor faulting and synextensional deposition resulted in the formation of different structural architecture within and across the basin, and in its segmentation into smaller subbasins. Locally, these scissor faults dissected the Alasehir detachment surface, resulting in back-tilting and rotation of the detachment fault blocks. These kinds of oblique-throw hinge faults are common in continental extended terrains, where they form highly oblique or perpendicular to the trends of extensional basins, accommodating differential slip and transferring reverse displacement along normal fault systems (Lister et al., 1986; Sengör, 1987; Gawtrophe and Hurst, 1993; Betts et al., 1998; Hurtado et al., 2001; Song et al., 2001) . They have been also documented to strongly affect the geometry of major structures, the distribution and character of clastic sediments, and their depositional patterns in extensional basins (Nelson et al., 1992; Moustafa, 1997) , as we show from the Alasehir basin. Sengör (1987) examined the distribution of oblique-throw hinge faults oriented at high angles to the strike of major breakaway faults in western Anatolia and identifi ed them as cross faults with both rotational and irrotational fault kinematics. He discussed that these cross faults may be gradational into each other both in time and space, display variable displacements and magnitudes of slip, and cause irregular subsidence patterns. Our observations from the Alasehir supra detachment basin are consistent with Sengör's (1987) interpretations of these cross faults and their regional patterns. Deposition of the Upper Miocene-Lower Pliocene fl uvial sediments of the Gobekli Formation was strongly controlled by the kinematics of the NNE-trending hinge faults, and their spatial and kinematic interactions with the E-Wstriking high-angle normal faults (Fig. 14D) . These two fault generations resulted in the development of a greater accommodation space in places and in the local uplift and erosion of older sedimentary rocks (i.e., Acidere) in the hanging wall of the detachment fault. The signifi cant variations in the areal distribution and internal stratigraphy of the Gobekli Formation rocks in the down-dropped blocks of the NNE-striking scissor faults are in general much larger than those in the upthrown blocks. These scissor faults formed more accommodation space in their downthrown blocks, whereas the E-W-striking normal faults increased the depth to the basement in these local depocenters along the hinge faults (Fig. 14D) . These two fault systems collectively resulted in the rotation of the older Neogene sedimentary beds, leading to the formation of intrabasinal angular unconformities.
With the onset of block faulting in the late Pliocene, the N-S extension within the Alasehir basin and in the Menderes core complex was largely accommodated by slip along these WNW-ESE-oriented normal faults, which in turn crosscut and segmented the detachment fault (Fig. 14E) . Shearing and slip along the Alasehir detachment fault were greatly reduced and halted by then. The WNW-ESE-striking normal faults not only accommodated the extension but also controlled the deposition and distribution of younger sedimentary rocks by creating additional accommodation space in their own hanging walls (Fig. 14F) . They also caused differential uplift and stretching in the basin, and their footwall blocks provided a second-order provenance for the younger basin fi ll (Figs. 14F and 14G) .
Widespread block-fault tilting in the late Pliocene and onward caused rotation and back-tilting of bedding planes and the earlierformed faults, the detachment surface, and its cataclastic shear zone (Figs. 14F and 14G) . The Asartepe Formation developed as alluvialfan and debris fl ow deposits along these highangle, synthetic normal fault systems. Block uplift along the approximately E-W-trending high-angle normal faults locally exposed the older Acidere Formation rocks in their footwall, which provided detrital material to the local half grabens and alluvial-fan deposits (see the local unconformities in Figs. 14F and 14G ). As rigid block faulting and associated block rotation continued in and across the basin, half-graben systems developed, and sediment dispersal was then facilitated by axial streams, which began to follow the nearly E-W-oriented half-graben axes (Figs. 14F and 14G ). The Quaternary Erendali Formation, with westerly paleofl ow directions in its alluvial-fan-fl uvial deposits, formed within an E-W-trending half graben (Fig. 14H) .
It is important to note that changes in dip direction of the sedimentary layers of the stratigraphic units due to back-tilting along the high-angle normal faults produced a pseudoappearance of folding around W-NW-trending fold axes (Fig. 7) . Some researchers have interpreted these changes in dip directions as an artifact of folding associated with a shortlived contractional event in the latest Pliocene (Koçyigit et al., 1999; Gessner et al., 2001b; Bozkurt and Sozbilir, 2004; Bozkurt and Rojay , 2005) . However, our fi eld observations show that none of the stratigraphic units in the Alasehir basin displays contractional folds, and that changes in dip directions from north to south are a result of tilting and fault-block rotation associated with late-stage, thick-skinned extensional deformation.
In present time, the main depocenter in the study area is the modern, approximately E-Wtrending, curvilinear Gediz-Alasehir graben (Figs. 2, 3, and 14) . Occupied by the Gediz River, fl owing west toward the Aegean Sea, and by its fl oodplain, the Gediz-Alasehir graben is fi lled with ~1 km of Pliocene-Quaternary alluvial deposits underlain by more than 3 km of Alasehir supradetachment basin sedimentary rocks (Gürer et al., 2001; Sari and Salk, 2006; Çiftçi and Bozkurt, 2010) . The graben structure is defi ned by the high-angle normal fault systems bounding it both to the north and the south. The WNW-oriented Yenipazar-Dereköy fault along its southern edge is a seismically active fault system with a historical earthquake record (1969 Alasehir earthquake, M = 6.9; Eyidogan and Jackson, 1985) . A series of NNE-running streams drains the Alasehir supradetachment basin, transporting sediments into the modern Gediz-Alasehir graben (Fig. 14H) . Modern alluvial-fan systems are in the process of forming in the hanging wall of the Yenipazar-Derekoy high-angle normal fault along the southern edge of the graben. The main difference between the Alasehir supradetachment basin and the modern Gediz-Alasehir graben is that the latter has been evolving mainly as a narrow rift basin during the last several million years, as part of broader, approximately N-S-directed extension in the Aegean province (Akyol et al., 2006) . As such, its sedimentation character is predominantly axial and subsidence driven, rather than the result of uplift of the Menderes Massif as was the case for the Alasehir supradetachment basin. The crustal architecture of the modern Aegean extensional province is defi ned by a series of nearly E-W-trending discrete graben structures, and it is characterized by low crustal velocities, high degrees of fracturing, high crustal temperatures, and signifi cant lateral variations in velocity structure (Akyol et al., 2006) .
COMPARISON WITH OTHER SUPRADETACHMENT BASINS
We compared the physical characteristics of the Alasehir basin to those of some of the well-studied supradetachment basins around the world in order to better understand the key param eters that control the basin geometry (shape and depth), depositional processes and sedimentary facies types, and the internal structure of the basinal strata. The main results of this comparison are summarized in Table 1 . The literature we used in this comparative analysis is keyed into a numbering system from 1 to 31. The other supra detach ment basin examples include the Neogene Strymon Valley basin in Bulgaria-Greece, the Oligocene-Miocene Pickhandle basin in the central Mojave Desert in California, the Oligocene-Miocene Buckskin-Rawhide basin in west-central Arizona, and the Early Cretaceous Liaonan-Jinzhou and Daqing-Shan basins in North China. All these basins developed in the hanging walls of major low-angle detachment faults, which played a signifi cant role in crustal uplift and exhumation of high-grade metamorphic rocks in core complexes. The foothill rocks are commonly extremely heterogeneous in terms of their ages (Precambrian to Cenozoic), rock types (highto low-grade metamorphic rocks with diverse proto liths), and preexisting structural anisotropies (contractional faults, imbricate thrust sheets, and superimposed foliation-schistosity planes) that collectively affected their behavior during extensional deformation.
The close spatial and temporal relationships between crustal units of these metamorphic core complexes and young intrusive and extrusive rocks show that extensional deformation and magmatism were mostly synchronous ( Table 1) . High-grade metamorphic rocks and the preexisting faults and foliation planes in them are intruded and crosscut by granitoid plutons with metaluminous to peraluminous compositions, and these plutonic rocks are in turn deformed ductilely, cataclastically, and brittlely along detachment faults and extensional shear zones, indicating their synextensional timing of emplacement. Rapid exhumation of deepseated rocks in core complexes results in upward advection of heat, promoting isothermal decompression, and in a relatively high thermal gradient and compressed isotherms in the crust (Ring et al., 1999a; Liu, 2001) . Collectively, these conditions may lead to decompressional melting and formation of the felsic magmas, which produce some of the synextensional granitoid intrusions in core complexes undergoing exhumation (Caby et al., 2001) . The occurrence of late-stage alkaline basaltic dikes and lavas in most of the examined core complexes (Table 1) indicates derivation of their magmas from asthenosphere-derived melts beneath the highly extended continental lithosphere . We think that magmatically driven, high geothermal gradients in thermally weakened, extending crust facilitate extension along low-angle detachment faults with commonly less than 30° dip angles (Table 1) .
In almost all of the basins we evaluated, the oldest sedimentary rocks rest directly on the detachment faults and are several million years younger than the documented timing of the initiation of these detachments. The average extension rates across the core complexes and the overlying basins range from 6 mm/yr to 8-9 mm/yr, and the maximum inferred duration of extension in these basins is ~18-20 m.y. ( Table 1 ). The total thickness of sediment accumulation in the basins varies from 2 to 3 km in the Alasehir and 3.5 km (max) in the Strymon Valley basins to 1 km in the Pickhandle and 1.2 km in the Daqing Shan basins. Considering steadystate, uniform sedimentation rates through time, the accumulation rates (uncorrected for compaction) in all these basins are, however, remarkably close and range between 0.1 mm/yr -1 (Daqing Shan, Buckskin-Rawhide basins) and 0.2 mm/yr -1 (Alasehir, Strymon Valley , Pickhandle, and Liaonan-Jinzhou basins ). Thus, it appears that the rates and amounts of extension and the space-time distribution of extension are some of the most important factors in sediment accumulation rates and accommodation space development in supradetachment basins (Friedmann and Burbank, 1995) .
The three-dimensional evolution of the supradetachment basins that we evaluated has been strongly affected and controlled by the geometry of the detachment surfaces, footwall uplift rates, and the fault mechanisms and kine matics within the extending basins. The low-angle (<30°) detachment faults appear to facilitate higher rates of extension and footwall uplift, while creating little accommodation space near the basin margins (Friedmann and Burbank, 1995) . Rapid elevation of the footwall rocks produces elevated back-shed topography and provenance, and clastic material derived from this source gets transported by extensionparallel, transverse streams and rivers. Almost all supradetachment basins mainly have welldeveloped networks of transverse drainage patterns (Table 1) , bypassing the basin-bounding faults and basin margins and carrying mostly footwall-derived clastic material into distal depo centers in the basins.
Major sedimentary facies types in the supradetachment basins we examined include debrisfl ow and mass-fl ow deposits, rock avalanches and gravity slides, fl uvial and alluvial-fan deposits, and locally developed lacustrine rocks (Table 1 ). These features suggest that mass wasting, seismic faulting, and erosional and tectonic denudation of the footwall are collectively important processes for transport of clastic material into the catchment areas in the basins. Uplift and denudation of the footwall units appear to be more important than hanging-wall subsidence in supradetachment basin development. Also, climatic factors probably play an important role in sedimentary facies distribution in and across the supradetachment basins, as well as in the types and amount of erosion in the elevated footwall topography. Coarse-grained conglomerates, large alluvial fans, and debris-fl ow deposits are most common in arid to semiarid sedimentary environments, as are the locally developed playa lakes that are reminiscent of the modern Basin and Range extensional province in western North America and in the Tibetan Plateau (Dilek and Moores, 1999) .
The mode and nature of faulting and the interplay of different faulting mechanisms within the extending basinal strata are also signifi cant for sediment dispersal and accumulation in supradetachment basins, and for development of their structural architecture. High-angle normal faults that are synthetic and/or antithetic to the detachment fault geometry are widespread in all supra detachment basins (Table 1) , and they cause tilting of sedimentary strata and formation of half grabens. Similarly, extension-parallel hinge (scissor) faulting also causes differential uplift and subsidence in adjacent fault blocks, signifi cantly changing the direction of sediment transport and drainage systems over short distances. Collectively, these faulting patterns (tiltblock and hinge faulting) result in the formation of major angular unconformities and axial drainage systems (Figs. 14F-14H ), in the local uplift of the older basin strata, and in important variations in sedimentary thicknesses across the supradetachment basins. Faulting-induced elevated topography in the hanging wall may provide locally derived clastic material to the half grabens and local depozones. Some basins may hence include reworked, hanging wall-derived sediments in their strata (Table 1) . Hinge (scissor) faulting plays a particularly important role in the segmentation and compartmentalization of supradetachment basins and in the development of subbasins, with signifi cant changes in their basement topography, strata thickness, and sedimentary facies types. Of all the supradetachment basins we evaluated, the Alasehir basin has the most substantial segmentation and subbasin development history in comparison to the others (Table 1) .
Our comparative evaluation of the structural and stratigraphic evolution of the Alasehir and the other supradetachment basins shows that the development of their depocenters and sedimentological characteristics was strongly controlled by their detachment faulting history, extension rates, and spatial, temporal, and kinematic relationships among different fault systems. Our study shows that in later phases of basin evolution, detachment faults become inactive as they are eventually crosscut by high-angle normal faults, and that extensional strain is then accom-modated by rigid block faulting. At that stage, depending on the regional plate boundary conditions (transform faulting vs. subduction zone tectonics and slab retreat), the mantle dynamics beneath the highly extended continental lithosphere, and the regional thermal structure, the existing supradetachment basins may be superimposed by extensional and/or transtensional rift systems and their basins (i.e., Alasehir, Strymon Valley, Death Valley; Norton, 2011) . Thermomechanical modeling of continental extension and geological data from Alpine Corsica and the Ligurian Sea (Rosenbaum et al., 2005) are consistent with our fi eld-based observations from the Alasehir and other supradetachment basins and show that core complex formation is commonly succeeded by crustal-scale block faulting in highly extended terrains.
CONCLUSIONS
The Lower Miocene to Pliocene-Pleistocene sedimentary rocks in the Alasehir basin were deposited in an E-W-trending supradetachment basin during the late Cenozoic crustal uplift and exhumation of the Central Menderes Massif. This orientation of the basin was nearly perpendicular to the N-S-directed, regional tectonic extension in the Aegean province of Western Anatolia. The supradetachment basin evolution was mainly controlled by the footwall uplift, the rate and amount of extension, the detachment fault geometry, and the spatial, temporal, and kinematic relationships among different faulting mechanisms. The stratigraphic units in the Alasehir basin were deposited in alluvial-fl uvial and alluvial-fan settings that were part of the drainage systems transverse to the main detachment fault. The younger formations in the basin (i.e., Upper Pliocene-Pleistocene Yenipazar Formation) formed in distal depocenters (fluviolacustrine) away from the uplifted footwall range. The Pliocene-Pleistocene and Quaternary fl uvial sedimentary rocks show westerly paleodrainage directions, suggesting that sediment catchment and deposition in the latest stages of basin evolution may have occurred in faultcontrolled, axial half-graben systems.
The stratigraphy and structural architecture of the Alasehir supradetachment basin were strongly affected by low-to high-angle normal and extension-parallel, scissor (hinge) faulting. Slip along high-angle normal faults, which were both synthetic and antithetic to the main detachment geometry, caused tilting and backrotation of the sedimentary units, and led to the formation of local unconformities within the basin. Crosscutting relationships between high-to low-angle normal faults in the entire basinal strata indicate that the low-angle faults could not have developed from rotation of the previously formed high-angle faults, as in the rolling-hinge model of Seyitoglu et al. (2002) . The stratigraphic and structural features in the Alasehir basin strata also indicate a continued mode of extension between the early Miocene and the late Pleistocene. The lack of contractional folds and faults in the study area is inconsistent with an episodic extensional history punctuated by a contractional episode of deforma tion between late Miocene and Pliocene times, as proposed by Kocyigit et al. (1999) , Bozkurt and Sozbilir (2004) , and Çiftçi and Bozkurt (2009b) .
The NNE-oriented oblique-slip hinge faults crosscut and displace the crystalline rocks of the Menderes Massif, the basinal strata, and the lowto high-angle normal faults. Scissor-like motion along some of these hinge faults is inferred from differential uplift of the Menderes crystalline rocks in adjacent fault blocks, and from observed reversals in the slip sense along strike of the faults (from normal to reverse and vice versa). These hinge faults controlled the distribution, shape, and depth of the local depo zones within the evolving supradetachment basin and resulted in the development of sub basins with significant variations in their basement topography, strata thickness, and sedimentary facies types due to fault segmentation. This internal basin segmentation as a result of extension-parallel cross-faulting may be an important feature in highly extended terrains. Extensive development of high-angle normal faults in the late-stage evolution of supradetachment basins marks the cessation of detachment faulting in continental extension.
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